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1
DISPLAY DEVICE SUBSTRATE AND
METHOD FOR FABRICATING SAME, AND
DISPLAY DEVICE

TECHNICAL FIELD

The present disclosure relates to display device substrates
and methods for fabricating the display device substrates, and
display devices.

BACKGROUND ART

A thin film transistor (hereinafter also referred to as
“TFT”) as a switching element, for example, is provided on a
thin film transistor substrate for each pixel which is a mini-
mum unit of an image.

Further, in general, a thin film transistor using a semicon-
ductor layer made of amorphous silicon is used in a thin film
transistor substrate, as a switching element of each pixel
which is a minimum unit of an image.

A general TFT having a bottom gate structure includes, for
example, a gate electrode provided on an insulating substrate,
a gate insulating film provided so as to cover the gate elec-
trode, an island-shaped semiconductor layer located on the
gate insulating film so as to overlap the gate electrode, and a
source electrode and a drain electrode facing each other on the
semiconductor layer.

In the TFT having the bottom gate structure, an upper
portion of a channel region is covered by an interlayer insu-
lating film made of SiO,, etc., and a pixel electrode is pro-
vided on the interlayer insulating film to fabricate a thin film
transistor substrate. A counter substrate is provided so as to
face the thin film transistor substrate, and a liquid crystal layer
is provided between the thin film transistor substrate and the
counter substrate, thereby forming a liquid crystal display
device.

In a conventional TFT structure, the semiconductor layeris
located above the gate electrode, and therefore the gate elec-
trode serves as a light shielding film. However, in the liquid
crystal display device, a display region is irradiated with light
of'a backlight unit from the thin film transistor substrate side.
Thus, once the light coming through a portion other than the
light shielding film reflects on the counter substrate, etc., and
comes into the semiconductor layer from above the TFT, the
channel region of the semiconductor layer made of amor-
phous silicon is irradiated with the light due to lack of the light
shielding film. As a result, because of the photoexcitation, a
leakage current may be present when the TFT is off, or the
amorphous silicon may be degraded by the light. This may
result in a reduction in TFT properties and display quality of
the liquid crystal display device.

Thin film transistor substrates configured to avoid such a
disadvantage have been suggested. More specifically, in a
thin film transistor substrate in which a TFT is located near an
intersection between a gate line and a source line and in which
the TFT and a pixel electrode are connected to each other, a
metal layer for blocking light is provided above a channel
region of the TFT via an insulating film (see, e.g., Patent
Document 1).

CITATION LIST
Patent Document

Patent Document 1: Japanese Patent Publication No. H10-
186402
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2
SUMMARY OF THE INVENTION

Technical Problem

In the thin film transistor substrate shown in Patent Docu-
ment 1, the metal layer for blocking light is made of a con-
ductive metal material (a metal material that forms a source
electrode and a drain electrode). Therefore, TFT properties
may be adversely affected, depending on a distance between
the channel region of the semiconductor layer and the metal
layer.

More specifically, for example, if there is a conductive
metal layer provided above a channel region, the metal layer
functions as a parasitic capacitance when a voltage is applied
to the gate electrode to turn on the TFT. If the distance
between the channel region and the metal layer is small, the
operation of the TFT may be adversely affected because, for
example, when the TFT is turned off by reversing a gate
voltage, the channel region of the semiconductor layer is not
promptly turned from on to off due to electric charges of the
charged metal layer.

The present disclosure is thus intended to provide a display
device substrate which can effectively reduce light irradiation
of a channel region without affecting TFT properties, a
method for fabricating the display device substrate, and a
display device.

Solution to the Problem

To achieve the above objective, the first display device
substrate according to the present disclosure includes: an
insulating substrate; a semiconductor layer provided on the
insulating substrate and having a channel region; and a chan-
nel protection layer provided in the channel region, wherein
the channel protection layer is made of a multilayer film in
which first insulating films and second insulating films are
alternately layered, and a relationship between a refractive
index Ra of the first insulating film and a refractive index Rb
of the second insulating film is Rb/Ra=1.3.

According to this configuration, the channel protection
layer is made of a multilayer film in which first insulating
films and second insulating films are alternately layered, and
a relationship between the refractive index Ra of the first
insulating film and the refractive index Rb of the second
insulating film is Rb/Ra=1.3. Thus, if the semiconductor layer
is a semiconductor layer of a thin film transistor, light having
aspecific wavelength (in particular, light having a short wave-
length of 600 nm or less which induces degradation of the thin
film transistor) can be effectively reflected, and it is possible
to prevent light having a specific wavelength which induces
degradation of the semiconductor layer from coming into the
channel region of the semiconductor layer. As a result, it is
possible to effectively prevent a reduction in properties of the
thin film transistor due to light irradiation of the channel
region of the semiconductor layer.

Further, since the channel protection layer is made of a
multilayer film in which the first and second insulating films
are layered, properties of the thin film transistor are not
affected by the channel protection layer, and it is possible to
effectively reduce light irradiation of the channel region,
unlike the conventional technique in which a light blocking
metal layer made of a conductive metal material is provided
for blocking light.

In the present embodiment, the channel protection layer is
made of a multilayer film in which the first and second insu-
lating films are layered, and therefore, in forming the multi-
layer film in which the first and second insulating films are



US 9,239,484 B2

3

layered by sequentially forming a silicon nitride film and a
silicon oxide film, by, for example, plasma CVD, the channel
protection layer can be formed by only changing source gas in
a plasma apparatus. This means that unlike the case of the
light blocking metal layer made of a conductive metal mate-
rial, steps such as forming a metal film, patterning a resist by
photolithography using a photomask, wet etching the metal
film, performing resist removal and cleaning, etc., are not
necessary, and the number of steps can be reduced. As aresult,
it is possible to reduce an increase in fabrication cost and a
reduction in yields.

In the first display device substrate of the present disclo-
sure, the number of layers included in the multilayer film may
be five or more. According to this configuration, light having
a specific wavelength which induces degradation of the semi-
conductor layer can be reliably reflected.

The second display device substrate according to the
present disclosure includes: an insulating substrate; a semi-
conductor layer provided on the insulating substrate and hav-
ing a channel region; and a channel protection layer provided
in the channel region and made of an insulating material,
wherein a fine projection/recess structure including recesses
and projections is formed in a surface of the channel protec-
tion layer which faces opposite the semiconductor layer.

According to this configuration, a fine projection/recess
structure including recesses and projections is formed in a
surface of the channel protection layer which faces opposite
the semiconductor layer. Thus, in the case where the semi-
conductor layer is a semiconductor layer of a thin film tran-
sistor, light having a specific wavelength (in particular, light
having a short wavelength of 600 nm or less which induces
degradation of the thin film transistor) can be effectively
reflected, and it is possible to prevent light having a specific
wavelength which induces degradation of the semiconductor
layer from coming into the channel region of the semicon-
ductor layer. As a result, it is possible to effectively prevent a
reduction in properties of the thin film transistor due to light
irradiation of the channel region of the semiconductor layer.

Further, since the channel protection layer is made of an
insulating material, the properties of the thin film transistor
are not affected by the channel protection layer, and it is
possible to effectively reduce light irradiation of the channel
region, unlike the conventional technique in which a metal
layer made of a conductive metal material is provided for
blocking light.

In the second display device substrate of the present dis-
closure, a distance between adjacent ones of the projections
or adjacent ones of the recesses of the projection/recess struc-
ture is 380 nm or less.

According to this configuration, the channel protection
layer can reflect light over a wide wavelength range of a
visible light range (from 360 nm to 760 nm).

In the second display device substrate of the present dis-
closure, a height of the projection or a depth of the recess is
760 nm or more.

According to this configuration, the channel protection
layer can reflect light over a wide wavelength range of a
visible light range (from 360 nm to 760 nm).

In the display device substrate according to the present
disclosure, the semiconductor layer may be a semiconductor
layer of a thin film transistor.

In the display device substrate of the present disclosure, the
semiconductor layer may form an optical sensor.

The display device substrate of the present disclosure has a
superior characteristic that it is possible to effectively reduce
light irradiation of the channel region without causing any
adverse effect on the properties of the thin film transistor or
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4

the optical sensor. Thus, the present disclosure can be advan-
tageously used for a display device including: a display
device substrate; a second display device substrate located to
face the display device substrate; and a display medium layer
provided between the display device substrate and the second
display device substrate. Further, the display device of the
present disclosure can be advantageously used as a display
device in which the display medium layer is a liquid crystal
layer.

A first method for fabricating the display device substrate
according to the present disclosure includes: a semiconductor
layer formation step in which a semiconductor layer having a
channel region is formed on an insulating substrate; and a
channel protection layer formation step in which a channel
protection layer is formed in the channel region, the channel
protection layer being made of a multilayer film in which first
insulating films and second insulating films are alternately
layered, and a relationship between a refractive index Ra of
the first insulating film and a refractive index Rb ofthe second
insulating film being Rb/Ra=1.3.

According to this configuration, a channel protection layer
made of a multilayer film in which first insulating films and
second insulating films are alternately layered, wherein a
relationship between the refractive index Ra of the first insu-
lating film and the refractive index Rb of the second insulating
film is Rb/Ra=1.3, is formed in the channel region of the
semiconductor layer. Thus, in the case where the semicon-
ductor layer is a semiconductor layer of a thin film transistor,
light having a specific wavelength (in particular, light having
a short wavelength of 600 nm or less which induces degrada-
tion of the thin film transistor) can be effectively reflected,
and it is possible to prevent light having a specific wavelength
which induces degradation of the semiconductor layer from
coming into the channel region of the semiconductor layer. As
a result, it is possible to provide a display device substrate in
which it is possible to effectively prevent a reduction in prop-
erties of the thin film transistor due to light irradiation of the
channel region of the semiconductor layer.

Further, since the channel protection layer is made of a
multilayer film in which first and second insulating films are
layered, it is possible to provide a display device substrate in
which properties of the thin film transistor are not affected by
the channel protection layer, and it is possible to effectively
reduce light irradiation of the channel region, unlike the con-
ventional technique in which a metal layer made of a conduc-
tive metal material is provided for blocking light.

Further, in the present embodiment, the channel protection
layer is made of a multilayer film in which the first and second
insulating films are layered, and therefore, in forming the
multilayer film in which the first and second insulating films
are layered by sequentially forming a silicon nitride film and
a silicon oxide film, by, for example, plasma CVD, the chan-
nel protection layer can be formed by only changing source
gas in a plasma apparatus. This means that unlike the case of
the light blocking metal layer made of a conductive metal
material, steps such as forming a metal film, patterning a
resist by photolithography using a photomask, wet etching
the metal film, performing resist removal and cleaning, etc.,
are not necessary, and the number of steps can be reduced. As
a result, it is possible to provide a display device substrate
which makes it possible to reduce an increase in fabrication
cost and a reduction in yields.

A second method for fabricating the display device sub-
strate according to the present disclosure includes: a semi-
conductor layer formation step in which a semiconductor
layer having a channel region is formed on an insulating
substrate; and a channel protection layer formation step in
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which a channel protection layer is formed in the channel
region, the channel protection layer being made of an insu-
lating material and having a fine projection/recess structure
including a recess and a projection on a surface which faces
opposite the semiconductor layer.

According to this configuration, a channel protection layer
having a fine projection/recess structure formed in a surface
facing opposite the semiconductor layer and including
recesses and projections, is formed in the channel region of
the semiconductor layer. Thus, in the case where the semi-
conductor layer is a semiconductor layer of a thin film tran-
sistor, light having a specific wavelength (in particular, light
having a short wavelength of 600 nm or less which induces
degradation of the thin film transistor) can be effectively
reflected, and it is possible to prevent light having a specific
wavelength which induces degradation of the semiconductor
layer from coming into the channel region of the semicon-
ductor layer. As a result, it is possible to provide a display
device substrate which makes it possible to effectively pre-
vent a reduction in properties of the thin film transistor due to
light irradiation of the channel region of the semiconductor
layer.

Further, since the channel protection layer is made of an
insulating material, it is possible to provide a display device
substrate in which properties of the thin film transistor are not
affected by the channel protection layer, and it is possible to
effectively reduce light irradiation of the channel region,
unlike the conventional technique in which a metal layer
made of a conductive metal material is provided for blocking
light.

Advantages of the Invention

According to the present disclosure, light irradiation of a
channel region can be effectively reduced without affecting
TFT properties.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a liquid crystal display
device having a thin film transistor substrate according to the
first embodiment of the present disclosure.

FIG. 2 is a plan view of the thin film transistor substrate
according to the first embodiment of the present disclosure.

FIG. 3 is an enlarged plan view of a pixel portion and a
terminal portion of the thin film transistor substrate according
to the first embodiment of the present disclosure.

FIG. 4 is a cross-sectional view of the thin film transistor
substrate taken along the line A-A of FIG. 3.

FIG. 5 is a cross-sectional view for explaining a channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.

FIG. 6 is a graph showing a relationship between a wave-
length and a reflection coefficient of polarized light P in the
case where the number of first and second insulating films in
a multilayer film is five.

FIG. 7 is a cross-sectional view for explaining the channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.

FIG. 8 is a graph showing a relationship between a wave-
length and a reflection coefficient of polarized light P in the
case where the number of first and second insulating films in
the multilayer film is six.

FIG. 9 is a cross-sectional view for explaining the channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.
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FIG. 10 is a graph showing a relationship between a wave-
length and a reflection coefficient of polarized light P in the
case where the number of first and second insulating films in
the multilayer film is seven.

FIG. 11 is across-sectional view for explaining the channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.

FIG. 12 is a graph showing a relationship between a wave-
length and a reflection coefficient of polarized light P in the
case where the number of first and second insulating films in
the multilayer film is eight.

FIG. 13 is across-sectional view for explaining the channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.

FIG. 14 is a graph showing a relationship between a wave-
length and a reflection coefficient of polarized light P in the
case where the number of first and second insulating films in
the multilayer film is ten.

FIG. 15 shows cross-sectional views for explaining steps
for fabricating the TFT and the thin film transistor substrate
according to the first embodiment of the present disclosure.

FIG. 16 shows cross-sectional views for explaining steps
for fabricating a counter substrate according to the first
embodiment of the present disclosure.

FIG. 17 is a cross-sectional view of a thin film transistor
substrate according to the second embodiment of the present
disclosure.

FIG. 18 is a cross-sectional view for explaining a channel
protection layer in the thin film transistor substrate according
to the second embodiment of the present disclosure.

FIG. 19 is an oblique view for explaining the channel
protection layer in the thin film transistor substrate according
to the second embodiment of the present disclosure.

FIG. 20 is a cross-sectional view for explaining a step of
forming the channel protection layer in the thin film transistor
substrate according to second embodiment of the present
disclosure, using a nanoimprint lithography method.

FIG. 21 is a cross-sectional view for explaining a step of
forming the channel protection layer in the thin film transistor
substrate according to second embodiment of the present
disclosure, using a nanoimprint lithography method.

FIG. 22 is a cross-sectional view for explaining a step of
forming the channel protection layer in the thin film transistor
substrate according to second embodiment of the present
disclosure, using a nanoimprint lithography method.

FIG. 23 shows a cross-sectional view for explaining a step
of fabricating the TFT and the thin film transistor substrate
according to the second embodiment of the present disclo-
sure.

FIG. 24 is a cross-sectional view of a thin film transistor
substrate according to the third embodiment of the present
disclosure.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

Embodiments of the present disclosure will be described in
detail below with reference to the drawings. The present
disclosure is not limited to the embodiments below.

FIG. 1 is a cross-sectional view of a liquid crystal display
device having a thin film transistor substrate according to the
first embodiment of the present disclosure. FIG. 2 is a plan
view of the thin film transistor substrate according to the first
embodiment of the present disclosure. FIG. 3 is an enlarged
plan view of a pixel portion and a terminal portion of the thin
film transistor substrate according to the first embodiment of
the present disclosure. FIG. 4 is a cross-sectional view of the
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thin film transistor substrate taken along the line A-A of FIG.
3. FIG. 5 is a cross-sectional view for explaining a channel
protection layer in the thin film transistor substrate according
to the first embodiment of the present disclosure.

As shown in FIG. 1, a liquid crystal display device 50
includes a thin film transistor substrate 20a which is a display
device substrate, and a counter substrate 30 which is another
display device substrate located so as to face the thin film
transistor substrate 20a, and a liquid crystal layer 40 which is
a display medium layer provided between the thin film tran-
sistor substrate 20a and the counter substrate 30. The liquid
crystal display device 50 further includes a frame-like sealing
material 35 for bonding the thin film transistor substrate 20a
and the counter substrate 30 together and enclosing the liquid
crystal layer 40 between the thin film transistor substrate 20a
and the counter substrate 30.

In the liquid crystal display device 50, as shown in FIG. 1,
a region surrounded by the sealing material 35 is defined as a
display region D configured to display an image, and a region
on the thin film transistor substrate 20a outside the counter
substrate 30 is defined as a terminal region T.

As shown in FIG. 2, FIG. 3 and FIG. 4, the thin film
transistor substrate 20q includes an insulating substrate 10a,
and in the display region D, a plurality of scanning lines 11a
provided on the insulating substrate 10a and extending in
parallel to each other, a plurality of auxiliary capacitor lines
115 each provided between the scanning lines 11a and
extending in parallel to each other, and a plurality of signal
lines 16a extending in parallel to each other in a direction
orthogonal to the scanning lines 11a. The thin film transistor
substrate 20qa includes a plurality of TFTs 5a each provided
for an intersection of the scanning line 114 and the signal line
164, that is, provided for each pixel, an interlayer insulating
film 17 provided so as to cover the TFTs 5a, a plurality of
pixel electrodes 19a arranged in a matrix on the interlayer
insulating film 17 and each connected to a corresponding one
of'the TFTs 54, and an alignment film (not shown) provided
s0 as to cover the pixel electrodes 19a.

As shown in FIG. 2 and FIG. 3, the scanning line 11a is
extended into a gate terminal region Tg of the terminal region
T (see FIG. 1), and connected to a gate terminal 195 in the gate
terminal region Tg.

As shown in FIG. 3, the auxiliary capacitor line 115 is
connected to an auxiliary capacitor terminal 194 via an aux-
iliary capacitor main line 16¢ and a relay line 11d. The aux-
iliary capacitor main line 16¢ is connected to the auxiliary
capacitor line 115 via a contact hole Cc formed in a gate
insulating film 12, and is also connected to the relay line 114
via a contact hole Cd formed in the gate insulating film 12.

As shown in FIG. 2 and FIG. 3, the signal line 16a is
extended into a source terminal region Ts of the terminal
region T (see FIG. 1) as a relay line 11¢, and is connected to
a source terminal 19¢ in the source terminal region Ts.

As shown in FIG. 3, the signal line 164 is connected to the
relay line 11c¢ via a contact hole Cb formed in the gate insu-
lating film 12.

Each of the TFTs 5a has a bottom gate structure. As shown
in FIG. 3 and FIG. 4, the TFT 5a includes a gate electrode
11aa provided on the insulating substrate 10a, the gate insu-
lating film 12 provided so as to cover the gate electrode 11aa,
a semiconductor layer 13a having an island-shaped channel
region C which is located above the gate insulating film 12
and overlaps the gate electrode 11aa. The TFT Sa also
includes a source electrode 16aa and a drain electrode 165
which are located on or above the semiconductor layer 13a
and overlap the gate electrode 11aa, and which face each
other with the channel region C interposed therebetween.
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Here, the interlayer insulating film 17 is provided above the
channel region C of the semiconductor layer 13a to cover the
source electrode 16aa and the drain electrode 165 (i.e., the
TFT 5a).

As shown in FIG. 3, the gate electrode 11aa is a laterally
protruding portion of the scanning line 11a. The source elec-
trode 16aa is a laterally protruding portion of the signal line
164 as shown in FIG. 3, and is comprised of a multilayer film
including a first conductive layer 14a and a second conductive
layer 154 as shown in FIG. 4.

The drain electrode 165 is comprised of a multilayer film
including a first conductive layer 145 and a second conductive
layer 154 as shown in FIG. 3 and FIG. 4, and is connected to
a pixel electrode 194 via a contact hole Ca formed in the
interlayer insulating film 17. Further, the drain electrode 165
overlaps the auxiliary capacitor line 115 via the gate insulat-
ing film 12, thereby comprising an auxiliary capacitor.

The semiconductor layer 13a may be made of oxide semi-
conductor, such as an indium gallium zinc oxide (IGZO), and
amorphous silicon, for example. In the case where amor-
phous silicon is used, the semiconductor layer 13a includes
an intrinsic amorphous silicon layer as a lower layer, and a
phosphorus-doped n* amorphous silicon layer as an upper
layer. The intrinsic amorphous silicon layer which does not
overlap the source electrode 16aa and the drain electrode 165
forms the channel region C.

As shown in FIG. 16(c) described later, the counter sub-
strate 30 includes an insulating substrate 105, and a color
filter layer which includes a black matrix 21 provided on the
insulating substrate 105 in a grid pattern and a color layer 22
including red, green, and blue layers provided between the
grid lines of the black matrix 21. The counter substrate 30 also
includes a common electrode 235 provided so as to cover the
color filter layer, a photo spacer 24 provided on the common
electrode 23, and an alignment film (not shown) provided to
cover the common electrode 23.

The liquid crystal layer 40 is made of a nematic liquid
crystal material having electro-optic characteristics, for
example.

In each of the pixels of the liquid crystal display device 50
having the above configuration, when the TFT 5a is turned on
by a gate signal sent from a gate driver (not shown) to the gate
electrode 11aa via the scanning line 11a, a source signal is
sent from a source driver (not shown) to the source electrode
16aa via the signal line 164, so that a predetermined charge is
applied to the pixel electrode 194 via the semiconductor layer
13a and the drain electrode 165.

At this moment, a potential difference occurs between each
pixel electrode 194 of the thin film transistor substrate 20a
and the common electrode 23 of the counter substrate 30,
thereby applying a predetermined voltage to the liquid crystal
layer 40, that is, to a liquid crystal capacitor of each pixel, and
an auxiliary capacitor connected in parallel to the liquid crys-
tal capacitor.

In the liquid crystal display device 50, the alignment of the
liquid crystal layer 40 is changed in each of the pixels accord-
ing to the magnitude of the voltage applied to the liquid
crystal layer 40, whereby light transmittance of the liquid
crystal layer 40 is adjusted and an image is displayed.

In the present embodiment, as shown in FIG. 4, a channel
protection layer (an etch stopper layer) 25 which protects the
channel region C is provided in the channel region C of the
semiconductor layer 13a (i.e., above the channel region C of
the semiconductor layer 13a). The channel protection layer
25 can protect the channel region C of the semiconductor
layer 13a from being etched in a source/drain formation step,
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described later, in which the source electrode 16aa and the
drain electrode 165 are formed by patterning by etching.

The present embodiment is characterized in that the chan-
nel protection layer 25 is comprised of a multilayer film in
which the first insulating films 254 and the second insulating
films 254 are alternately layered as shown in FIG. 5, and the
ratio between refractive indexes of the first insulating film 25a
and the second insulating film 255 is 1.3 or more.

For example, the relationship between the refractive index
Ra of the first insulating film 25a and the refractive index Rb
of the second insulating film 255 is Rb/Ra=1.3.

The first and second insulating films 25a, 256 are made of
insulating materials, such as a silicon nitride film, a silicon
oxide film, and a silicon nitride oxide film.

Due to this structure in the present embodiment, light hav-
ing a specific wavelength (in particular, light having a short
wavelength of 600 nm or less which induces degradation of
the TFT 5a) can be effectively reflected on the channel pro-
tection layer 25, thereby making it possible to prevent light
having a specific wavelength which induces degradation of
the semiconductor layer 13a from coming into the channel
region C of the semiconductor layer 13a. Thus, it is possible
to prevent a reduction in TFT properties due to light irradia-
tion of the channel region C of the semiconductor layer 13a,
and a reduction in display quality of'the liquid crystal display
device 50.

Since the channel protection layer 25 is comprised of a
multilayer film in which the first and second insulating films
25a, 25b are layered one another, properties of the TFTs 5a
are not affected by the channel protection layer 25, and light
irradiation of the channel region C can be effectively reduced,
unlike the conventional technique in which a metal layer
made of a conductive metal material is provided for blocking
light.

In the conventional technique, steps of forming a metal
film, patterning a resist by photolithography using a photo-
mask in a predetermined pattern shape, wet etching the metal
film, and performing resist removal and cleaning, etc., are
necessary in forming a metal layer, which may lead to disad-
vantages such as an increase in fabrication cost and a reduc-
tion in yields.

On the other hand, in the present embodiment, the channel
protection layer 25 is made of a multilayer film in which the
first and second insulating films 25a, 255 are layered with one
another. Thus, in forming the multilayer film in which the first
and second insulating films 254, 256 are layered by sequen-
tially forming a silicon nitride film and a silicon oxide film,
by, for example, plasma CVD, the channel protection layer 25
can be formed by only changing source gas in a plasma
apparatus. This means that unlike the case of the light block-
ing metal layer made of a conductive metal material, steps
such as forming a metal film, patterning a resist by photoli-
thography using a photomask, wet etching the metal film,
performing resist removal and cleaning, etc., are not neces-
sary, and the number of steps can be reduced. As a result, it is
possible to reduce an increase in fabrication cost and a reduc-
tion in yields.

In order to reliably reflect light having a specific wave-
length which induces degradation of the semiconductor layer
13a, the number of the insulating films 254, 255 included in
the multilayer film which comprises the channel protection
layer 25 is preferably 5 or more, and is not limited to any
number as long as the number is 5 or more.

The characteristics will be described in detail below. FIG.
6 is a graph showing a relationship between a wavelength and
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a reflection coefficient of polarized light P in the case where
the number of the first and second insulating films 25q, 255 in
the multilayer film is five.

In the relationship shown in FIG. 6, a silicon oxide film
having a refractive index Ra of 1.4 and a thickness of 60 nm
is used as the first insulating film 25a, and a silicon nitride film
having a refractive index Rb of 2 and a thickness of 60 nm is
used as the second insulating film 255. Further, a silicon oxide
film having a refractive index of 1.4 and a thickness 0of 265 nm
is used as the interlayer insulating film 17; a nematic liquid
crystal material having a refractive index of 1 is used as the
liquid crystal layer 40; and indium gallium zinc oxide (IGZO)
having a refractive index of 2 is used as the semiconductor
layer 13a. The channel protection layer 25 is irradiated with
polarized light P vertically through the liquid crystal layer 40,
and areflection coefficient is measured by changing the wave-
length of the incident polarized light P by 1 nm in a wave-
length range of 300 nm to 900 nm.

As shown in FIG. 6, the channel protection layer 25 com-
prised of the first and second insulating films 25a, 255 reflects
light over a wide wavelength range of a visible light range
(from 360 nm to 760 nm), especially reflects approximately
60% of'the polarized light P having a wavelength of 450 nm.

FIG. 8 shows a relationship between a wavelength and a
reflection coefficient of the polarized light P in the case where
another second insulating film 255 is added to the channel
protection layer 25 so that the channel protection layer 25
includes six layers (see FIG. 7).

As shown in FIG. 8, the channel protection layer 25 reflects
light over a wide wavelength range of a visible light range
(from 360 nm to 760 nm), especially reflects approximately
80% of'the polarized light P having a wavelength of 400 nm.

FIG. 10 shows a relationship between a wavelength and a
reflection coefficient of the polarized light P in the case where
another first insulating film 25a is added to the channel pro-
tection layer 25 so that the channel protection layer 25
includes seven layers (see FI1G. 9).

As shown in FIG. 10, the channel protection layer 25
reflects light over a wide wavelength range of a visible light
range (from 360 nm to 760 nm), and especially reflects
approximately 80% of the polarized light P having a wave-
length of 440 nm.

FIG. 12 shows a relationship between a wavelength and a
reflection coefficient of the polarized light P in the case where
another second insulating film 255 is added to the channel
protection layer 25 so that the channel protection layer 25
includes eight layers (see FIG. 11).

As shown in FIG. 12, the channel protection layer 25
reflects light over a wide wavelength range of a visible light
range (from 360 nm to 760 nm), and especially reflects
approximately 90% of the polarized light P having a wave-
length of 400 nm.

FIG. 14 shows a relationship between a wavelength and a
reflection coefficient of the polarized light P in the case where
another first insulating film 25a and another second insulating
film 2554 are added to the channel protection layer 25 so that
the channel protection layer 25 includes ten layers (see FIG.
13).

As shown in FIG. 14, the channel protection layer 25
reflects light over a wide wavelength range of a visible light
range (from 360 nm to 760 nm), and especially reflects
approximately 95% of the polarized light P having a wave-
length of 400 nm.

It is known from the above descriptions that if the number
of the first and second insulating films 254, 256 is five or
more, the channel protection layer 25 can effectively reflect
light having a short wavelength of 600 nm or less which
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induces degradation of the TFT 5a, and that the light reflec-
tion efficiency increases with an increase in the number of the
first and second insulating films 254, 2564.

Next, an example method for fabricating the liquid crystal
display device 50 of the present embodiment will be
described with reference to FIG. 15 and FIG. 16. FIG. 15
shows cross-sectional views for explaining steps for fabricat-
ing a TFT and a thin film transistor substrate. FIG. 16 shows
cross-sectional views for explaining steps of fabricating a
counter substrate. The fabrication method of the present
embodiment includes a step of fabricating the thin film tran-
sistor substrate, a step of fabricating the counter substrate, and
a liquid crystal injection step.

First, a step of fabricating the TFT and the thin film tran-
sistor substrate will be described.

<@Gate Electrode Formation Step>

First, a molybdenum film (having a thickness of about 150
nm), for example, is formed by sputtering on the entire insu-
lating substrate 10, such as a glass substrate, a silicon sub-
strate, and a heat-resistant plastic substrate. Then, the molyb-
denum film is subjected to photolithography, wet etching and
resist removal and cleaning, thereby forming a scanning line
11a, a gate electrode 11aa, an auxiliary capacitor line 115,
and relay lines 11¢, 114 as shown in FIG. 3 and FIG. 15(a).

In the present embodiment, a molybdenum film having a
single layer structure is illustrated as a metal film which forms
the gate electrode 11aa. However, the gate electrode 11aa
may be formed, for example, of a metal film, such as an
aluminum film, a tungsten film, a tantalum film, a chromium
film, a titanium film and a copper film, or an alloy film of the
metal, or a nitride film of the metal, which has a thickness of
from 50 nm to 300 nm.

The material which forms the plastic substrate includes, for
example, polyethlene terephthalate resin, polyethylene naph-
thalate resin, polyethersulfone resin, acrylic resin, and poly-
imide resin.

<Semiconductor Layer Formation Step>

Then, a silicon nitride film (having a thickness of about
from 200 nm to 500 nm), for example, is formed by CVD on
the entire substrate on which the scanning line 11a, the gate
electrode 11aaq, the auxiliary capacitor line 115, and the relay
lines 11¢, 11d are provided, thereby forming a gate insulating
film 12 which covers the gate electrode 11aa and the auxiliary
capacitor line 115, as shown in FIG. 15(5).

The gate insulating film 12 may have a multilayer structure
including two layers. In this case, in addition to the silicon
nitride film (SiNx) described above, a silicon oxide film
(8i0x), a silicon oxynitride film (SiOxNy, x>y), a silicon
nitride oxide film (SiNxOy, x>y) may be used, for example.

Further, in order to prevent impurities from being diffused
from the insulating substrate 10a, it is preferable that a silicon
nitride film or a silicon nitride oxide film is used as a lower-
side gate insulating film, and a silicon oxide film or a silicon
oxynitride film is used as an upper-side gate insulating film.
For example, a silicon nitride film having a thickness of from
100 nm to 200 nm may be formed as the lower-side gate
insulating film, using SiH, and NH; as a reactant gas, and a
silicon oxide film having a thickness of from 50 nm and 100
nm may be formed as the upper-side gate insulating film,
using N,O, SiH, as a reactant gas.

Further, in order to form, at a low temperature, a close-
grained gate insulating film 12 with less gate leakage current,
it is preferable that the reactant gas contains arare gas, such as
argon gas, and the rare gas is mixed in the insulating film.

Then, an IGZO-based oxide semiconductor film (having a
thickness of about from 30 nm to 100 nm), for example, is
formed by sputtering. Thereafter, the oxide semiconductor
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film is subjected to photolithography, wet etching and resist

removal and cleaning, thereby forming a semiconductor layer

134 having a channel region, as shown in FIG. 15(5).
<Channel Protection Layer Formation Step>

Next, a silicon nitride film and a silicon oxide film, for
example, are sequentially formed by plasma CVD on the
entire substrate on which the semiconductor layer 13a is
provided, thereby forming a multilayer film in which the first
and second insulating films 25a, 256 shown in FIG. 5 are
layered. The multilayer film is the channel protection layer 25
having a thickness of about from 50 to 150 nm and formed in
the channel region C of the semiconductor layer 13a for
protecting the channel region C.

Since the channel protection layer 25 is comprised of the
multilayer film including the first and the second insulating
films 25a, 255, the channel protection layer 25 can be formed
by only changing source gas in a plasma apparatus, as men-
tioned above.

For example, a silicon oxide film having a refractive index
Ra of 1.4 and a thickness of 60 nm is formed as the first
insulating film 254, and a silicon nitride film having a refrac-
tive index Rb of 2 and a thickness of 60 nm is formed as the
second insulating film 255.

<Source/Drain Formation Step>

Then, a titanium film (having a thickness of from 30 nm to
150 nm) and a copper film (having a thickness of about from
50 nm to 400 nm), for example, are sequentially formed by
sputtering on the entire substrate on which the semiconductor
layer 13a is formed. Thereafter, the copper film is subjected to
photolithography and wet etching, and the titanium film is
subjected to dry etching and resist removal and cleaning,
thereby forming a signal line 16a (see FIG. 3), a source
electrode 16aa, a drain electrode 165 and an auxiliary capaci-
tor main line 16c¢ (see FIG. 3), and exposing the channel
region C of the semiconductor layer 134, as shown in FIG.
15(d).

That is, in the present step, the source electrode 16aa and
the drain electrode 165 are formed by dry etching on the
semiconductor layer 13a formed in the semiconductor layer
formation step, and the channel region C of the semiconduc-
tor layer 13a is exposed.

In the present embodiment, a titanium film and a copper
film in a multilayer structure are illustrated as a metal film
which forms the source electrode 16aa and the drain elec-
trode 165. However, the source electrode 16aa and the drain
electrode 165 may be formed, for example, of a metal film,
such as an aluminum film, a tungsten film, a tantalum film and
achromium film, or an alloy film of the metal, or a nitride film
of the metal.

The etching may be dry etching as described above, or may
be wet etching, but dry etching is preferable if the etching is
performed on a large area substrate. As an etching gas, a
fluorine gas such as CF,, NF;, SF¢ and CHF;, a chlorine gas
suchas Cl,, BCl;, SiCl, and CCl,, an oxygen gas, etc., may be
used. An inert gas such as helium and argon may also be
added.

<Interlayer Insulating Film Formation Step>

Next, a silicon oxide film, for example, is formed by
plasma CVD on the entire substrate on which the source
electrode 16aa and the drain electrode 165 are formed (i.e., on
which the TFT 5q is formed), thereby forming an interlayer
insulating film 17 having a thickness of about 265 nm and
covering the TFT 5a (i.e., covering the semiconductor layer
134, the source electrode 16aa, and the drain electrode 165)
as shown in FIG. 15(e).
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<Opening Formation Step>

Then, the interlayer insulating film 17 is exposed to light
and is developed, thereby forming a contact hole Ca which
reaches the drain electrode 165 in the interlayer insulating
film 17 as shown in FIG. 15(¥).

<Pixel Electrode Formation Step>

Next, for example, a transparent conductive film, such as
an ITO film (having a thickness of about from 50 nm to 200
nm) made of an indium tin oxide, by sputtering on the entire
substrate on which the interlayer insulating film 17 is formed.
Then, the transparent conductive film is subjected to photo-
lithography, wet etching and resist removal and cleaning,
thereby forming a pixel electrode 19a, a gate terminal 195, a
source terminal 19¢ and an auxiliary capacitor terminal 194
(see FIG. 3) as shown in FIG. 4.

As shown in FIG. 4, the pixel electrode 194 is provided on
asurface ofthe interlayer insulating film 17 such that the pixel
electrode 194 covers a surface of the contact hole Ca.

In the case of forming a transmissive liquid crystal display
device 50, the pixel electrode 194 may be made of an indium
oxide including a tungsten oxide, an indium zinc oxide, an
indium oxide including a titanium oxide, an indium tin oxide,
etc. Further, in addition to the indium tin oxide (ITO)
described above, an indium zinc oxide (IZO), an indium tin
oxide (ITSO) including silicon oxide may also be used.

In the case of forming a reflection type liquid crystal dis-
play device 50, a conductive film made of titanium, tungsten,
nickel, gold, platinum, silver, aluminum, magnesium, cal-
cium, lithium, and an alloy of the metal may be used as a
reflective thin metal film, and the thin metal film may be used
as the pixel electrode 19a.

The thin film transistor substrate 20a shown in FIG. 4 can
be obtained in the foregoing manner.

<Step of Fabricating Counter Substrate>

First, a black-colored photosensitive resin, for example, is
applied to the entire insulating substrate 105, such as a glass
substrate, by spin coating or slit coating, and the applied film
is exposed to light and is developed, thereby forming a black
matrix 21 having a thickness of about 1.0 pm, as shown in
FIG. 16(a).

Then, a red-, green-, or blue-colored photosensitive resin,
for example, is applied by spin coating or slit coating to the
entire substrate on which the black matrix 21 is provided.
Thereafter, the applied film is exposed to light and is devel-
oped, thereby forming a color layer 22 of a selected color
(e.g., a red layer) with a thickness of about 2.0 um as shown
in FIG. 16(a). Similar steps are repeated for the remaining
two colors to form color layers 22 of the two colors (e.g., a
green layer and a blue layer) with a thickness of about 2.0 pm.

Further, a transparent conductive film such as an I'TO film,
for example, is formed by sputtering on the substrate on
which the color layers 22 of the respective colors are pro-
vided, thereby forming a common electrode 23 with a thick-
ness of about from 50 nm to 200 nm as shown in FIG. 16(5).

Lastly, a photosensitive resin is applied by spin coating or
slit coating on the entire substrate on which the common
electrode 23 is provided. Thereafter, the applied film is
exposed to light and is developed, thereby forming a photo
spacer 24 with a thickness of about 4 pas shown in FIG. 16(c).

The counter substrate 30 can be obtained in the foregoing
manner.

<Liquid Crystal Injection Step>

First, a polyimide film is applied, by printing, on each of
surfaces of the thin film transistor substrate 20a formed in the
step of fabricating the thin film transistor substrate, and of the
counter substrate 30 formed in the step of fabricating the
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counter substrate. Thereafter, each applied film is subjected to
baking and rubbing treatment, thereby forming an alignment
film.

Next, for example, a sealing material made of an ultraviolet
(UV)/thermosetting resin is printed in a frame-like shape on
the surface of the counter substrate 30 on which the alignment
film is provided, and then a liquid crystal material is dropped
in an area surrounded by the sealing material.

Thereafter, the counter substrate 30 on which the liquid
crystal material has been dropped and the thin film transistor
substrate 20a on which the alignment film is provided are
bonded together under a reduced pressure, and the bonded
body is exposed to an atmospheric pressure to pressurize the
front and back surfaces of the bonded body.

Subsequently, the sealing material enclosed in the bonded
body is irradiated with UV light, and then the bonded body is
heated to cure the sealing material.

Lastly, the bonded body enclosing the cured sealing mate-
rial is cut by dicing, for example, and unwanted portions
thereof are removed.

The liquid crystal display device 50 of the present embodi-
ment can be obtained in the foregoing manner.

The present embodiment described above can obtain the
following advantages.

(1) In the present embodiment, the channel protection layer
25 is comprised of a multilayer film in which the first insu-
lating films 254 and the second insulating films 255 are alter-
nately layered. Further, the relationship between the refrac-
tive index Ra of the first insulating film 254 and the refractive
index Rb of the second insulating film 254 is Rb/Ra=1.3.
Thus, light having a short wavelength of 600 nm or less which
induces degradation of the TFT 5a can be effectively reflected
onthe channel protection layer 25, and it is possible to prevent
light having a specific wavelength which induces degradation
of'the semiconductor layer 134 from coming into the channel
region C of the semiconductor layer 13a. As a result, it is
possible to effectively prevent a reduction in TFT properties
due to light irradiation of the channel region C of the semi-
conductor layer 13a.

(2) Since the channel protection layer 25 is comprised of a
multilayer film in which the first and second insulating films
25a, 25b are layered, properties of the TFTs 5a are not
affected by the channel protection layer 25, and light irradia-
tion of the channel region C can be effectively reduced, unlike
the conventional technique in which a metal layer made of a
conductive metal material is provided for blocking light.

(3) The channel protection layer 25 is made of a multilayer
film in which the first and second insulating films 25a, 255 are
layered. Thus, in forming the multilayer film in which the first
and second insulating films 25a, 255 are layered, the channel
protection layer 25 can be formed by only changing source
gas ina plasma apparatus. It is therefore possible to reduce the
number of steps, and thus reduce an increase in fabrication
cost and a reduction in yields.

(4) In the present embodiment, the number of layers in the
multilayer film is five or more. Thus, light having a specific
wavelength which induces degradation of the semiconductor
layer 13a can be effectively reflected.

(Second Embodiment)

Next, the second embodiment of the present disclosure will
be described. FIG. 17 is a cross-sectional view of a thin film
transistor substrate according to the second embodiment of
the present disclosure. FIG. 18 is a cross-sectional view for
explaining a channel protection layer in the thin film transis-
tor substrate according to the second embodiment of the
present disclosure. FIG. 19 is an oblique view for explaining
a channel protection layer in the thin film transistor substrate
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according to the second embodiment of the present disclo-
sure. In the present embodiment, like reference characters
have been used to designate similar elements in the first
embodiment, and explanation thereof is omitted. The general
configuration of the liquid crystal display device and a fabri-
cation method thereof are similar to those described in the
first embodiment. Thus, detailed explanation thereof is omit-
ted here.

In the present embodiment, as shown in FIG. 17, the chan-
nel protection layer 25 described above is replaced with a
channel protection layer 33 having a fine projection/recess
structure on its surface.

More specifically, as shown in FIG. 17 to FIG. 19, a fine
projection/recess structure 32 which includes a recess 34 and
a projection 36 is formed in a surface 33a of the channel
protection layer 33 which faces opposite the semiconductor
layer 13a. Each of the recess 34 and the projection 36 has an
approximately rectangular cross section.

Similar to the channel protection layer 25 described above,
the channel protection layer 33 is made of an insulating mate-
rial, such as a silicon nitride film, a silicon oxide film, and a
silicon nitride oxide film.

In the present embodiment, in order to have the channel
protection layer 33 reflect light over a wide wavelength range
of'a visible light range (from 360 nm to 760 nm), the distance
(i.e., the pitch) P between adjacent projections 36 (or adjacent
recesses 34) of the projection/recess structure 32 is set to 380
nm or less (i.e., P<380 nm) which is smaller than half the
wavelength of the visible light.

From a similar point of view, the height H of the projection
36 (or the depth of the recess 34) is set to 760 nm or more (i.e.,
H=760 nm) which is equal to or larger than the maximum
wavelength in the visible light range.

In the present embodiment, as well, similar to the case of
the first embodiment, light having a specific wavelength (es-
pecially, visible light having a wavelength of 760 nm or less
which induces degradation of the TFT 5a) can be effectively
reflected due to light diffraction effects of the projection/
recess structure 32. Thus, it is possible to prevent light having
a specific wavelength which induces degradation of the semi-
conductor layer 13a from coming into the channel region C of
the semiconductor layer 13a. As a result, it is possible to
effectively prevent a reduction in TFT properties and a reduc-
tion in display quality of the liquid crystal display device 50
due to light irradiation of the channel region C of the semi-
conductor layer 13a.

Further, since the channel protection layer 33 is made of an
insulating material, properties of the TFTs 5a are not affected
by the channel protection layer 33, and light irradiation of the
channel region C can be effectively reduced, unlike the con-
ventional technique in which a metal layer made of a conduc-
tive metal material is provided for blocking light.

The projection/recess structure 32 of the channel protec-
tion layer 33 can be formed by photolithography and nanoim-
print lithography.

In the case of forming the projection/recess structure 32 of
the channel protection layer 33 by nanoimprint lithography,
for example, a silicon nitride film 45 which forms the channel
protection layer 33 is provided first, and then a resist 46 is
formed on the silicon nitride film 45, as shown in FIG. 20.
Then, a mold 47 having projections and recesses whose
shapes are to be transferred to the resist 46 is moved in the
direction of the arrow in FIG. 20, and is pushed against the
resist 46, and the resist 46 is cured using heat or light. The
mold 47 is then removed. As a result, a predetermined mask
pattern which corresponds to the projections and recesses of
the mold 47 is formed on the resist 46 as shown in FIG. 21.
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Next, the silicon nitride film 45 is etched using the resist 46 as
a mask. The resist 46 are etched faster at the thinner portions
thereof. Thus, the surface of the silicon nitride film 45 is
etched according to the shape of the resist 46 as shown in FIG.
22, and the channel protection layer 33 having the projection/
recess structure 32 is thereby formed.

Now, an example method for fabricating the liquid crystal
display device 50 of the present embodiment will be
described with reference to FIG. 23. FIG. 23 shows a cross-
sectional view for explaining a step of fabricating the TFT and
the thin film transistor substrate according to the second
embodiment of the present disclosure.

First, in a step of fabricating a TFT and an active matrix
substrate, a gate electrode formation step and a semiconduc-
tor layer formation step similar to the steps described in FIGS.
15(a) and 15(5) in the first embodiment are performed.

<Channel Protection Layer Formation Step>

Next, a silicon nitride film, a silicon oxide film, or a silicon
nitride oxide film, for example, is formed by plasma CVD on
the entire substrate on which the semiconductor layer 13a is
formed. After that, as shown in FIG. 23, a channel protection
layer 33 having a fine projection/recess structure 32 including
a recess 34 and a projection 36 in a surface 33a that faces
opposite the semiconductor layer 134 is formed in a channel
region by, for example, the nanoimprint lithography
described above to have a thickness of about from 50 to 100
nm.
The channel protection layer 33 may be formed by photo-
lithography using a resist as a mask and etching, instead of by
nanoimprint lithography.

Next, similar to the steps described in FIGS. 15(d) to 15(f)
of the first embodiment, a source/drain formation step, an
interlayer insulating film formation step, an opening forma-
tion step, and a pixel electrode formation step are performed
to fabricate the thin film transistor substrate 20a shown in
FIG. 17.

The step of fabricating the counter substrate, and the liquid
crystal injection step described in the first embodiment are
further performed, thereby fabricating a liquid crystal display
device 50 of the present embodiment.

The present embodiment described above can obtain the
following advantages.

(5) In the present embodiment, the fine projection/recess
structure 32 including the recess 34 and the projection 36 is
formed in the surface 33a of the channel protection layer 33
which faces opposite the semiconductor layer 13a. Thus,
visible light having a wavelength of 760 nm or less which
induces degradation of the TFT 5a can be effectively reflected
on the channel protection layer 33, thereby making it possible
to prevent light having a specific wavelength which induces
degradation of the semiconductor layer 13a from coming into
the channel region C of the semiconductor layer 13a. Thus, it
is possibleto effectively prevent areduction in TFT properties
due to light irradiation of the channel region C of the semi-
conductor layer 13a.

(6) Further, since the channel protection layer 33 is com-
prised of an insulating material, properties of the TFTs 5a are
not affected by the channel protection layer 33, and light
irradiation of the channel region C can be effectively reduced,
unlike the conventional technique in which a metal layer
made of a conductive metal material is provided for blocking
light.

(7) In the present embodiment, the distance between adja-
cent projections 36, or adjacent recesses 34 of the projection/
recess structure 32 is set to 380 nm or less. Thus, the channel
protection layer 33 can reflect light over a wider wavelength
range of a visible light range (from 360 nm to 760 nm).
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(8) In the present embodiment, the height of the projection
36, orthe depth of the recess 34 is set to 760 nm or more. Thus,
the channel protection layer 33 can reflect light over a wider
wavelength range of a visible light range (from 360 nm to 760
nm).
(Third Embodiment)

Next, the third embodiment of the present disclosure will
be described. FIG. 24 is a cross-sectional view of a thin film
transistor substrate according to the third embodiment of the
present disclosure. In the present embodiment, like reference
characters have been used to designate similar elements in the
first embodiment, and explanation thereof is omitted. The
general configuration of the liquid crystal display device and
a fabrication method thereof are similar to those described in
the first embodiment. Thus, detailed explanation thereof is
omitted here. In the present embodiment, a photodiode,
which is an optical sensor, is illustrated as a semiconductor
device, and a display device substrate (i.e., a thin film tran-
sistor substrate) having a photodiode is described.

A thin film transistor substrate 60 of the present embodi-
ment includes, in addition to a TFT (not shown), a photodiode
61 which is an optical sensor for each pixel as shown in FIG.
24.

The photodiode 61 is located adjacent to the TFT in each
pixel, and is comprised of a semiconductor layer 62. More
specifically, the photodiode 61 is a PIN photodiode with a
lateral structure having a P type semiconductor layer 63 in
which an impurity such as boron is heavily doped, an N type
semiconductor layer 64 in which an impurity such as phos-
phorus is heavily doped, and an I (intrinsic) layer 65 which is
a high resistivity region made of an intrinsic semiconductor
and is located between the P type semiconductor layer 63 and
the N type semiconductor layer 64.

Further, the thin film transistor substrate 60 having the
photodiode 61 includes a base coating film 75, the semicon-
ductor layer 62, and an insulating film 66 which are sequen-
tially formed on the insulating substrate 10a.

More specifically, as shown in FIG. 24, the thin film tran-
sistor substrate 60 includes the base coating film 75 formed on
the surface of the insulating substrate 10a, the semiconductor
layer 62 formed on the surface of the base coating film 75, and
the insulating film 66 formed on the surface of the base
coating film 75 so as to cover the semiconductor layer 62.

The thin film transistor substrate 60 further includes a light
shielding film 67 provided on the surface of the insulating
substrate 10a and located under the semiconductor layer 62.
The base coating film 75 is layered on the insulating substrate
10a so as to cover the light shielding film 67.

As shown in FIG. 24, the insulating film 66 is provided with
a contact hole 68 through which part of the P type semicon-
ductor layer 63 of the semiconductor layer 62 is exposed, and
a contact hole 69 through which part of the N type semicon-
ductor layer 64 of the semiconductor layer 62 is exposed. The
contact holes 68, 69 are simultaneously formed by etching,
and each of the contact holes 68, 69 is filled with a conductive
member 70.

As shown in FIG. 24, an anode electrode 71 and a cathode
electrode 72 are formed on the surface of the insulating film
66. The anode electrode 71 is electrically connected to the P
type semiconductor layer 63 of the semiconductor layer 62
via the contact hole 68. The cathode electrode 72 is electri-
cally connected to the N type semiconductor layer 64 of the
semiconductor layer 62 via the contact hole 69.

The photodiode 61 is used, for example, for detecting the
presence or absence, or shades of an object (e.g., a piece of
paper, a finger, a pen, etc.) which is placed on the counter
substrate 30. More specifically, for example, if light emitted
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from a light source of the backlight unit, which is provided on
the back side of the liquid crystal display device 50, is
reflected on the object mentioned above, and the reflected
light (e.g., infrared light which is invisible) comes into the
photodiode 61, a light leakage current which corresponds to
the magnitude of the reflected light having come into the
photodiode 61 flows in the photodiode 61, and based on the
light leakage current, the presence or absence, or shades of the
object is detected.

A material which comprises the base coating film 75
includes, for example, silicon oxide, silicon nitride, silicon
oxynitride, etc. The base coating film 75 may have a multi-
layer structure of these materials. The thickness of the base
coating film 75 is preferably from 50 to 300 nm.

The semiconductor layer 62 is made of a polysilicon film.
The polysilicon film which comprises the semiconductor
layer 62 has a polycrystalline structure obtained by irradiat-
ing a silicon film, such as an amorphous silicon film, with
laser light. The thickness of the semiconductor layer 62 is
preferably from 20 to 100 nm.

A material which comprises the insulating film 66 is not
specifically limited, and can be made of, for example, silicon
oxide (Si0,), a material having a lower dielectric constant
than silicon oxide, such as SiOF or SiOC, silicon nitride
(SiNx (where x represents a positive number)) such as trisili-
con tetranitride (Si;N,), silicon oxynitride (SiNO), titanium
dioxide (TiO,), dialuminum trioxide (Al,0,), tantalum oxide
such as tantalum pentoxide (Ta,O;), hatnium dioxide (HfO,),
a material having a higher dielectric constant than silicon
oxide, such as zirconium dioxide (ZrO,). The insulating film
66 may have a single layer structure, or may have a multilayer
structure. The thickness of the insulating film 66 is preferably
from 30 to 150 nm.

A material which comprises the conductive member 70
preferably has a high melting point. For example, the conduc-
tive member 70 is preferably made of a metal having a high
melting point, such as molybdenum (Mo), tantalum (Ta),
tungsten (W) and titanium (Ti), or silicide having a high
melting point, such as molybdenum silicide.

The light shielding film 67 is configured to prevent light
(light emitted from the light source of the backlight unit) from
coming into the photodiode 61, and allows only the light
reflected on the object, described above, to come into the
photodiode 61.

A material which comprises the light shielding film 67 is
not specifically limited. For example, the light shielding film
67 is preferably made of a metal having a high melting point,
such as molybdenum (Mo), tantalum (Ta), tungsten (W) and
titanium (Ti), an alloy material of the metal having a high
melting point, or a compound material. The thickness of the
light shielding film 67 is preferably from 50 to 300 nm.

In the present embodiment, as well, similar to the case of
the first embodiment, the channel protection layer 25
described in the first embodiment is provided in the channel
region of the semiconductor layer 62 (i.e., on the surface of
the I layer 65) as shown in FIG. 24.

Thus, light having a specific wavelength (especially, vis-
ible light, i.e., light having a wavelength of 380 nm to 750 nm,
which induces degradation of the photodiode 61) can be
effectively reflected, and it is possible to prevent light having
a specific wavelength which induces degradation of the semi-
conductor layer 62 from coming into the I layer 65 of the
semiconductor layer 62.

The present embodiment described above can obtain the
following advantages in addition to the advantages (3) to (4)
described above.
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(9) In the present embodiment, the channel protection layer
25 is made of a multilayer film in which the first insulating
films 25a and the second insulating films 255 are alternately
layered. Further, the relationship between the refractive index
Ra of the first insulating film 25a and the refractive index Rb
of'the second insulating film 255 is Rb/Ra=1.3. Thus, visible
light which induces degradation of the photodiode 61 can be
effectively reflected on the channel protection layer 25,
thereby making it possible to prevent light having a specific
wavelength which induces degradation of the semiconductor
layer 62 from coming into the I layer 65 of the semiconductor
layer 62. Thus, it is possible to prevent a reduction in prop-
erties of the photodiode 61 due to light irradiation of the I
layer 65 of the semiconductor layer 62.

(10) Since the channel protection layer 25 is made of a
multilayer film in which the first and second insulating films
25a, 25b are layered, properties of the photodiode 61 are not
affected by the channel protection layer 25, and light irradia-
tion of the I layer 65 can be effectively reduced, unlike the
conventional technique in which a metal layer made of a
conductive metal material is provided for blocking light.

The above embodiment may be changed as follows.

The channel protection layer 25 described in the first
embodiment is provided in the third embodiment, but the
channel protection layer 25 may be replaced with the channel
protection layer 33 having the fine projection/recess structure
32 described in the second embodiment. In this case, too,
advantages similar to the above advantages (5) to (8) can be
obtained.

Industrial Applicability

The present disclosure may be used in a display device
substrate, a method for fabricating the display device sub-
strate, and a display device.

Description of Reference Characters

5a thin film transistor

104 insulating substrate

11aa gate electrode

12 gate insulating film

13a semiconductor layer

16aa source electrode

165 drain electrode

17 interlayer insulating film

194 pixel electrode

20q thin film transistor substrate (display device substrate)

25 channel protection layer

25a first insulating film

25b second insulating film

30 counter substrate (second display device substrate)

32 fine projection/recess structure

33 channel protection layer

33a surface of channel protection layer which faces oppo-
site the semiconductor layer

34 recess
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36 projection

40 liquid crystal layer (display medium layer)

50 liquid crystal display device

60 thin film transistor substrate (display device substrate)

61 photodiode

62 semiconductor layer

63 P type semiconductor layer

64 N type semiconductor layer

65 I layer

C channel region

H height of projection, or depth of recess

P distance between adjacent projections, or adjacent
recesses of projection/recess structure

Ra refractive index of first insulating film

Rb refractive index of second insulating film

The invention claimed is:

1. A display device substrate, comprising:

an insulating substrate;

a gate electrode provided directly on the insulation sub-
strate;

a gate insulating film provided directly on the insulating
substrate and the gate electrode;

a semiconductor layer provided on the insulating substrate,
directly provided on the gate insulating film, and includ-
ing a channel region; and

a channel protection layer provided in the channel region
and made of an insulating material, wherein

a fine projection/recess structure including recesses and
projections is defined in a surface of the channel protec-
tion layer which faces away from the semiconductor
layer.

2. The display device substrate of claim 1, wherein

a distance between adjacent ones of the projections or
adjacent ones of the recesses of the projection/recess
structure is 380 nm or less.

3. The display device substrate of claim 1, wherein

a height of the projection or a depth of the recess is 760 nm
or more.

4. The display device substrate of claim 1, wherein

the semiconductor layer is a semiconductor layer of a thin
film transistor.

5. The display device substrate of claim 1, wherein

the semiconductor layer defines an optical sensor.

6. A display device, comprising:

the display device substrate of claim 1;

a second display device substrate located to face the dis-
play device substrate; and

a display medium layer provided between the display
device substrate and the second display device substrate.

7. The display device of claim 6, wherein

the display medium layer is a liquid crystal layer.
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